There are reports on the successful management of mild to moderate keratoconus in patients with Down's syndrome. However, when Down's syndrome is coexistent with Dementia, poor general health, and very advanced keratoconus in only one eye, then clinicians may face challenges at all stages from diagnosis, treatment, and follow-up. Our case is one such example of a combination of Down's syndrome, Dementia, poor general health, and very advanced keratoconus with a white cataract in the only functioning eye. This report highlights the dilemmas which were encountered and learning points on selection of the safest, yet effective management options in such patients.
INTRODUCTION
There is a 66.7% prevalence of visual impairment in patients with Down's syndrome and profound intellectual disabilities over the age of 50. Visual impairment in patients with Down's syndrome has a stronger relationship with advancing age, particularly over 50 years of age. 1, 2 Optical rehabilitation is important in improving quality of life, particularly in those with intellectual disabilities. The prevalence of keratoconus in patients with Down's syndrome is estimated to be between 3 and 20%. [3] [4] [5] It is thought to be precipitated by vigorous eye rubbing to relieve itchiness. Patients with Down's syndrome can develop corneal hydrops, which results in a further deterioration in vision. Patients can develop central corneal opacification and in some instances corneal perforation. 6, 7 It is also known that a number of Down's syndrome patients will gradually develop an Alzheimerlike dementia, which will add to the complexity of their medical health. 8 The diagnosis, monitoring, management, and visual rehabilitation of keratoconus can be difficult in patients with Down's syndrome, which is coexistent with dementia and poor general health. This is, particularly, so if the keratoconus is advanced in the only functioning eye with a concomitant dense white cataract. The postoperative period in patients who require surgical intervention can be especially challenging. Careful and thoughtful planning is required to prevent any complications leading to permanent loss of vision. We discuss one such case with the dilemmas encountered and learning points in helping decide the appropriate management plan in such cases.
CASE REPORT
A 60-year-old female patient with Down's syndrome living in a care home was referred to our clinic. She was thought to have visual impairment secondary to keratoconus and bilateral cataracts. She was also noted to rub her eyes regularly. The staff at her residential home had noticed a further deterioration in her vision in the past few months. She was also requiring further help with her activities of daily living. This was particularly noted as she was having problems with walking and seeing her food at meal times. The patient had difficulty with verbal communication, phobias of hospitals, and was under the dementia care pathway.
The visual acuity and slit-lamp examinations were not possible during her clinic appointment due to her uncooperative and aggressive behavior as the hospital environment disturbed her.
Options which were available to us at this stage were: to her overall well-being. It was, therefore, decided to administer a general anesthetic in the safest possible manner and to attempt an intervention that was in her best interest in this one and only opportunity. Giving general anesthesia was risky due to her ongoing cardiac issues, extreme difficulty in getting an intravenous access, and intubation difficulties. A multidisciplinary meeting with the Learning Disability Team, the patient's social workers, care home staff, nurses, and surgeon was arranged prior to the surgery. A formal letter of consent was obtained from the patient's elderly mother, who had power of attorney, as she could not attend the meeting prior to the surgery. This team was responsible for taking decisions on patient's best interest and welfare. Preoperative, operative, and postoperative strategies were discussed in great detail. During this process, the team already decided against splinting patient's upper limbs for 6 weeks postoperatively due to her dementia, poor general health, and risk of further aggravating the patient's behavior. On the day of assessment, after a successful general anesthesia, the examination under the surgical microscope revealed an old perforated right cornea with iris plugging. No anterior chamber or inflammation was present (Fig. 1) . Examination also revealed very advanced keratoconus in the left eye ( Fig. 2A) with severe thinning of cornea and Descemet's breaks. The left eye also had a dense white cataract (Fig. 2B) . B-scan ultrasonography on the table showed no evidence of retinal detachment. The left eye felt softer on digital palpation as an indicator of intraocular pressure assessment. Keratometry on the left eye was attempted with a hand held keratometer on the operating table, but due to the extreme steepness of the cornea, keratometric readings could not be obtained. Therefore an estimated average K reading of 55.00 Diopter was used for the intraocular lens (IOL) calculation. A manual A-scan ultrasound biometry recorded an axial length of 24 mm and it estimated an IOL power of 0 Diopters.
Options which were available to us at this stage for her left eye were:
• Plan for a cataract surgery combined with a deep anterior lamellar/penetrating keratoplasty at a later date • To proceed with cataract surgery without an IOL, as the biometry was 0 Diopters • To proceed with cataract surgery with an IOL • To protect the eye and the cornea from perforation postoperatively by splinting patients hands for 6 weeks postoperatively. This option was already rejected in the preassessment meeting prior to the surgery • To protect the eye and the cornea with a lid procedure, e.g., lateral tarsorraphy or botulinum toxin injection.
As the patient was noted to have significant worsening in her vision-dependent daily activities, option 2 was chosen after deliberation. The decision was made to perform a left cataract extraction with an IOL insertion. Phacoemulsification via a superior corneal incision was performed. Vision blue was used to complete the rhexis. Corneal incisions were closed with 10-0 Nylon sutures and a left partial lateral tarsorrhaphy was carried out to protect the eye from accidental injury while ensuring that her visual axis was clear ( Figs 2C and D) . The patient was sent to her care home and a personal care taker was assigned to ensure that the patient did not touch the eye for the initial 6 postoperative weeks. The patient was reviewed at her residential home 3 and 8 weeks after surgery as the patient refused to visit the hospital. Visual acuity and slit-lamp assessment were not possible as the patient was highly uncooperative and aggressive. On direct ophthlamoscopic examination, the lateral tarsorrhaphy was intact and the eye was white with no signs of postoperative inflammation. Her care takers had noticed a difference in her behavior. Her mobility around her surroundings had improved. She was also able to see her food.
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Management of a Monocular Patient with Down's Syndrome Dementia, Advanced Keratoconus, and a Mature Cataract
DISCUSSION
We present the challenges and dilemmas faced when offering the most appropriate, safe, and effective management of a monocular patient with a dense white cataract and advanced keratoconus with additional comorbidities of dementia, Down's syndrome, and poor general health preventing multiple general anesthetics.
Outcomes of penetrating keratoplasties in patients with learning disabilities are significantly lower than in patients without learning disabilities. [9] [10] [11] This is due to coexisting diseases, such as atopy and behavioral issues, such as persistent eye-rubbing. In our case, a decision was made not to perform a penetrating keratoplasty due to a number of issues: Concerns regarding the postoperative care of the keratoplasty; risk of blinding complications in her only eye which may not be amenable to repair due to life-threatening risks of multiple general anesthetic procedures; difficult intravenous access; and complex intubation due to the facial shape, thick tongue, and subglottic stenosis.
12,13
The thought to leave the patient aphakic was rejected in order to prevent aphakic glaucoma, posterior capsule opacification-related issues, and retinal complications, 14 as these would require further general anesthetic procedures to manage.
Corneal perforation in patients with keratoconus can be as a result of acute hydrops. There are a few reported cases of spontaneous rupture of the cornea not related to trauma in patients with keratoconus. 15 There have been even fewer cases of perforations in patients with Down's Syndrome and keratoconus. 16 Conservative management for corneal perforations tends to be with soft contact lenses, cycloplegics, aqueous suppressants, and pressure patching (if neither of these are possible than lid lower procedures like botolinum toxin injection or tarsorrhaphy). Penetrating keratoplasties may need to be the definitive treatment. However, a number of studies indicate that clear corneal grafts with improved postoperative visual acuities can be obtained. A retrospective study by Koller et al 17 looked at the outcomes of all keratoplasties in patients with intellectual disabilities within their department. In this study 69% of the patients had a diagnosis of Down's Syndrome and 94% of primary keratoplasties were for keratoconus. The graft survival rate of the primary keratoplasty was 86% at 27 months to 11 years follow-up (of 6 months to 20 years). At final follow-up a clear graft was present in 89% of cases. Another study looked at 21 penetrating keratoplasties performed on 18 eyes of patients with Down's Syndromes. With a mean follow-up of 34.9 months (ranging from 4 to 88 months), clear grafts were seen. Some patients had complicated follow-up periods due to broken sutures and difficulties with suture removal. 18 A factor determining long-term graft survival, in patients with learning disabilities, is postulated to be dependent on conscientiousness of the care takers with the postoperative care. We decided not to interfere with the right eye as the only options would be anterior segment reconstruction with cataract surgery (without or without IOL). This intervention could have led to secondary complications increasing the patients discomfort and thus affecting her general well-being. Given that the intraocular pressure was felt to be low and the appearance was suggestive of a long-standing perforation that had sealed, it was thought that the right eye was likely to become phthisical in the near future. Performing a deep anterior lamellar or penetrating keratoplasty combined with cataract surgery ± IOL implantation was decided to be a very risky option in our patient due to the severity of her dementia and comorbidities.
It was felt that there would be a risk of wound dehiscence due to eye-rubbing in our patient. Therefore, 10-0 nylon sutures were inserted on the main and paracentesis incisions. On a longer term, it is important to reduce the risk of corneal perforation due to excessive thinning. We decided to perform a small lateral tarsorrhaphy to give some eyelid protection to the already thinned cornea. This was performed leaving the central visual axis open. Botulinum toxin injection would require multiple general anesthetic and may take a few days to be fully effective, so this was not thought to be an option for our patient. Our patient was noted to have improvement in her visual behavior at her care home, as she could see to eat and make her way around the house. She needed a personal care taker to assist her during the first 6 weeks and also to ensure that she did not touch or rub her eyes.
Our case highlights the dilemmas and gives the rationale for the selection of safest, yet effective option for reasonable visual rehabilitation for a monocular patient with Down's syndrome, dementia, and poor general heath. The risk and benefits of each of the management options should be discussed in the context to individual patients and their needs. As can often be the case, doing less can be more for such patients in the long-term.
